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Summary: In aqueous solution, [PtII(glycinato)Cl2]
- catalyzes
oxidation by [PtIVCl6]
2- of the methyl group of p-toluenesul-
fonate to the corresponding alcohol and aldehyde, with no
further oxidation to the carboxylic acid. Both rate and selec-
tivity are improved in comparison to the original Shilov system
that employs [PtIICln(H2O)4-n]
2-n as the catalyst.
The selective catalytic transformation of C-H bonds
remains an important academic and practical challenge.
Over the past several decades, a number of examples of
C-H bond activation by transition-metal complexes have
appeared in the literature.1 The Shilov system, an aqueous
solution of [PtIICl4]
2- and [PtIVCl6]
2- salts that oxidizes
alkanes to alcohols (and alkyl chlorides),2 has attracted a
great deal of attention3 since its original discovery. Despite
several attractive features, the Shilov system is impractical
because of low reaction rates, expensive oxidant, and catalyst
instability. Overoxidation is an additional problem that
lowers alcohol selectivities.4,5
Analogous systems based on PtII, PdII, or HgII have been
found to give better selectivities in strongly acidic solvents
such as trifluoroacetic acid and fuming sulfuric acid, because
the products are esters, which tend to be considerably less
subject to further oxidation than the corresponding alco-
hols.6 However, to date the added cost and complexity of
converting such esters to desirable products have precluded
any practical application of these reactions. Improving the
performance of aqueous catalysts for direct conversion to
alcohols would hence be desirable. While earlier efforts to
modify the original Shilov system by the addition of ligands
resulted inmuch lower (most often zero) yields of the desired
products,5b,7 we report here that the anionic ligated platinum
complex K[PtII(glycinato)Cl2] can catalyze sp
3 C-H bond
oxidation in water, with improvements in both activity and
selectivity and without the requirement for strong acids to
protect the alcohol from overoxidation.
We have previously used sodium p-toluenesulfonate (1) as
a model water-soluble substrate. The original Shilov system
oxidizes 1 at the methyl position to a mixture of the corre-
sponding alcohol 2 and aldehyde 3 (Scheme 1); further
oxidation to the carboxylic acid 4 was not observed.5a
Selectivity for 2 vs 3 drops off from ∼10:1 during the early
course of the reaction (∼10% conversion) to ∼2:1 at ∼45%
conversion. Oxidation at the aromatic ring positions does
not occur, and the reaction remains visibly homogeneous for
the majority of the reaction time, although deposition of
platinum metal is eventually observed after long periods of
heating. Products 2 and 3 are formed sequentially; over-
oxidation of 2 to 3 becomes more prevalent as the concen-
tration of 2 increases, which explains the decrease in
selectivity at higher conversions.5b,7
We and others have previously observed that good elec-
tron donor ligands can promote faster C-H activation
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in some cases.8 This phenomenon has been interpreted in
terms of higher electron density at the metal center facilitat-
ing the displacement of a solvent ligand by coordination of a
C-Hbond,which has been shown to be the rate-determining
step in several model systems.9 Glycine appeared to be an
attractive choice to test this approach, as it is anionic and
hence will tend to generate a more electron-rich Pt center. It
is also inexpensive and contains relatively few C-H bonds
that could make the catalyst prone to destructive self-oxida-
tion. K[Pt(glycinato)Cl2] 3 2KCl was previously prepared in
high yield by addition of 1 equiv of glycine and KOH to
K2PtCl4 in water. Notably, recrystallization from a 9:1
ethanol-water mixture gave K[Pt(glycine)Cl2] (5), but only
in 30% yield,10 accompanied by precipitation of a substan-
tial amount of platinum metal. This observation suggests
that 5 can oxidize ethanol (as can the original Shilov system,
but only at elevated temperature5) under very mild condi-
tions and hence might be a promising candidate for an
oxidation catalyst.
Under conditions similar to those for the Shilov system
(115 C, [PtII]0= 0.013M, [PtIV]0= 0.11M, [1]0= 0.155M)
but using 5 as the catalyst and PtCl6
2- as the oxidant, 1 is
oxidized to amixture of 2 and 3 in water. After 25 h, 45%of 1
is converted to products, and the selectivity for 2 vs 3 is 8:1
(Scheme 1). When 5 is replaced with PtCl4
2- and all other
conditions are kept the same, 39 h is required to convert a
similar percentage of 1 to products, and the selectivity for 2
vs 3 is only 2:1. For comparison, both conversion and
selectivity are reduced by addition of bipyridine to the Shilov
system (39 h, 13%converted, 5:1 selectivity for 2 over 3).5b In
all three cases, neither overoxidation to the carboxylic acid 4
nor precipitation of platinummetal is observed, and nomore
than trace amounts of any other product are detected by
1H NMR.
The improvements in selectivity and rate with 5 as the
catalyst are notable, especially given the fact that PtCl4
2- is
generated from PtCl6
2-, so that the solution increasingly
contains the components of the original Shilov system. To
examine the consequences of that process, the course of the
reaction was monitored over time by 1H NMR (Table 1,
Figure 1). Initially, the rate of conversion using 5/PtCl6
2- is
about twice as fast as the original Shilov (PtCl4
2-/PtCl6
2-)
system. As the reaction proceeds and more PtCl4
2- is gener-
ated from PtCl6
2-, the difference between the two systems
decreases, although overall conversion and selectivity are
always better for the system starting with 5 at any point in
time. In both cases, platinum metal formation is visible only
at the end of the long heating period.
Figure 1 shows that while the rate of formation of 2 is
faster with system 1, the rate of formation of 3 is about the
same for both systems. However, since both [2] and total
[PtII] are higher at any given time in system 1, this finding
implies that whereas 5 catalyzes the oxidation of 1 to 2 faster
than PtCl4
2-, it catalyzes oxidation of 2 to 3 slower thanPtCl4
2-.
The combination of faster hydroxylation of 1 and slower
overoxidation of 2 by 5 results in higher overall yield and
selectivity.
The appearance of platinummetal after prolonged heating
raises the possibility of heterogeneously catalyzed reactions;
Scheme 1 Table 1. Oxidation of 1 using 5 or PtCl4
2- as the Catalyst and
PtCl6
2- as the Oxidant at 105 C
conversn (%) (2:3)
time (h) system 1a system 2b
12 5 (2 only) 3 (2 only)
24 12 (2 only) 6 (2 only)
42 21 (g20:1) 12 (12:1)
66 33 (13:1) 23 (8:1)
90 42 (9:1) 32 (7:1)
109 46 (8:1) 36 (6:1)
132 53 (4:1) 44 (4:1)
179 58 (3:1) 48 (2:1)
aConditions: [5]0 = 0.013 M, [PtCl6
2-]0 = 0.11 M, [1]0 = 0.155 M.
bConditions: [PtCl4
2-]0 = 0.013M, [PtCl6
2-]0 = 0.11M, [1]0 = 0.155M.
Figure 1. Formation of 2 ([, in green) and 3 (2, in red) using 5
as the catalyst and PtIVCl6
2- as the oxidant and formation of 2
(9, in black) and 3 (, in blue) using PtIICl42- as the catalyst
and PtIVCl6
2- as the oxidant (105 C, [PtII]0=0.013M, [PtIV]0=
0.11 M, [1]0 = 0.155 M).
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in particular, the higher selectivities with the glycinate ligand
might be caused by inhibiting formation of Pt0, which can
catalyze dehydrogenation of 2 to 3. No reaction is observed
upon heating colloidal platinum with 1, and activity is still
observed in the presence of elemental mercury (a standard
test for heterogeneous activity11); there is some decrease in
activity, but this could be due to the fact thatHg0 is known to
reduce both PtII and PtIV.5b When 2 was prepared indepen-
dently and subjected to the same conditions, the rate of
formation of 3 was found to be somewhat slower using 5 as
the catalyst than with the original Shilov system,12 but the
data do not rule out suppression of Pt0 formation by the
glycinate ligand as contributing to the increased selectivity.
Existing processes for selective oxidation of benzylic
C-H bonds generally favor carboxylic acids, or in a few
select cases aldehydes, as major products.13 We find here
that the moderately selective oxidation to alcohols exhi-
bited by the original Shilov system can be enhanced, in both
activity and selectivity, by coordination of a simple anio-
nic ligand. A practical process based on this chemistry will
require not only further improvement but, most crucially,
replacement of PtIV with a cheaper terminal oxidant (as
has been accomplished, albeit only to a very limited
extent, with the Shilov system14); work along those lines is
ongoing.
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